Polynuclear chromium ascorbate complexes were isolated and physicochemically analyzed in a comparative manner with their mononuclear analog (1). Characterization by elemental analysis, electronic, vibrational, 13 C-n.m.r and mass spectroscopies, and variable temperature magnetic susceptibility studies, allowed structural proposals for the binuclear, [Cr 2 (l-OH) 2 (H 2 O)(C 6 H 7 O 6 ) 3 (OH)] AE 4H 2 O (2), and trinuclear, [Cr 3 
Introduction
Chromium is an essential trace element for mammalian carbohydrate and lipid metabolism. The biologically active form of chromium is the trivalent ion while hexavalent chromium is a toxicant. Under physiological conditions, Cr VI is reduced by microsome, mitochondria and by some non-enzymatic cellular components. As a cellular component, ascorbic acid is known to reduce Cr VI to Cr III in vivo [1, 2] and through inner-sphere electron transfer reactions in vitro [3, 4] . The final Cr III ascorbate complexes may be of considerable interest in biocoordination chemistry aiding a better understanding of chromium metabolism and also targeting miscellaneous potential applications. About two decades ago, a chromium ascorbate complex, synthesized directly from Cr III ions, was described by its electronic and i.r. spectra and magnetic moment [5, 6] . A group of complexes, prepared via reduction of several Cr VI species by ascorbate, has since been reported [7] [8] [9] [10] . However, the structural information as yet available is still limited due to the problems commonly associated with the chemical instability of ascorbic acid, the low stability constants of the complexes [11] and their reluctance towards crystallization, excluding the few well characterized mixed ligand platinum ascorbate complexes [12] [13] [14] [15] [16] .
In recent years, research on the isolation/preparation and characterization of polynuclear Cr III complexes has been stimulated. Polynuclear chromium ascorbate complexes might be regarded as alternative models for such biological systems or potential substituents for dietary chromium supplements (e.g. chromium picolinates) in general use. The results presented here concern some structural correlations between mono-, di-and tri-nuclear chromium ascorbate complexes which exhibit intermetallic bridges through hydroxo or oxo ligands.
Experimental
General L (+)-Ascorbic acid (H 2 A, Merck) and iso-propylidene ascorbic acid (i-H 2 A, prepared as described elsewhere
[29]) were used after crystallization from MeOH. All other chemicals used were of reagent grade. Syntheses of the complexes were carried out from aqueous solutions prepared in deionized water, deoxygenated by flushing N 2 at the boiling temperature for ca. 4 h. Manipulations were performed under an inert atmosphere as a requirement of ascorbic acid chemistry, however the final compounds were found to be stable in air. The green glassy products were obtained in yields of up to ca. 70% based on chromium and showed decompositions at ca. 185°C. Various attempts made towards crystallization of the complexes were unsuccessful.
Preparations Mononuclear complex (1)
The synthesis was carried out following the procedure described by Jabs and Gaube [5, 6] . 
Physical measurements
Microanalyses of C and H were performed with a LECO CHNS-932 elemental analyzer and of Cr by a Shimadzu AA-660 spectrophotometer. U.v.-vis. spectra were obtained using a Perkin-Elmer Lambda 19 instrument. I.r. spectra were collected on a Perkin-Elmer System 2000 Fourier transform spectrophotometer as KBr disks in the 400-4000 cm )1 region. . FAB and EI mass spectra of (2) and (3) were obtained using a M40 Intectra (matrix: NBA) and EI spectrum of (1) with a Micromass UK LCMS spectrometers. Variable temperature magnetic susceptibility data of powdered samples were collected in the 2-300 K temperature range with an applied field of 1 T, using a Quantum Design MPMS5 SQUID-Magnetometer. For (1) both zero field-cooled (ZFC)/field-cooled (FC) and field-dependent magnetization measurements were done. No strange magnetic behavior was observed in this case. The experimental susceptibilities were corrected by a sample holder contribution and, for the diamagnetism of the constituent atoms, using the Pascal's constants [30] .
Results and discussion
The products were generated by complexation of ascorbic acid (H 2 A) with Cr III in aqueous solutions. H 2 A is a weak dibasic acid (pK a1 ¼ 4.25) and Cr III is an aqua acid (pK a1 ffi 4). Under the applied reaction conditions, only the most acidic proton of H 2 A, C(3)-O-H, is removed and the monoascorbate anions (HA) thus produced coordinate the added Cr III ions (Figure 1) . The green compounds were found to contain variable amounts of lattice water. They are highly soluble in water, soluble in DMSO, very slightly soluble in MeOH and insoluble in common organic solvents.
The composition of the complexes depends mainly on the preparation conditions and also on the aging process. An unusual and important aspect of chromium chemistry is that Cr III complexes are susceptible to 'hydrolysis' and 'olation' (1), a reaction which results in formation of polynuclear complexes consisting of chains or rings of Cr III ions connected by bridging OH groups
